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Abstract 
Coffee is one of the most popular drinks in the world. The quality of coffee depends on post harvesting process, 
agricultural practices, agro ecology conditions and chemical composition of coffee beans. Hararghe is among the 
major coffee producing areas in Ethiopia. However, the chemical profiles of Hararghe coffee beans have never 
been reported. The objectives of the present study was to determine pH value, total acidity and total polyphenols 
of Hararghe green coffee beans and also evaluates the effect of roasting temperature on caffeine content. Fifteen 
coffee bean samples were collected from different areas of Hararghe, Ethiopia. Total polyphenols were determined 
using the Folin-Ciocalteu reagent. The pH value was measured by a pH meter. The total acidities were determined 
by titrating with NaOH. The caffeine content from roasted coffee beans was measured using a UV-Vis 
spectroscopy. The lowest (5.26) and the highest (5.66) pH values showed by the coffee bean samples collected 
from Jarso and Gurachae, respectively. On the contrary, the lowest (1.44 ml of NaOHg-1) and highest (2.3 NaOHg-
1) total acidity values revealed by Gurache and Jarso coffee green beans, respectively. Likewise, the lowest and 
the highest total polyphenols content exhibited by Girawa (7.22 mg GAE/g) and Kobo (20.96 mg GAE/g) coffee 
beans, respectively. The caffeine content in coffee bean samples roasted at different temperatures varied from 2.36 
(w/w %) to 6.09 (w/w %). The content of caffeine increased from low temperature - long ranged time roasted 
coffee beans to intermediate temperature - intermediate ranged time. However, it was gradually decreased from 
intermediate temperature - intermediate ranged time to high temperature - short ranged time. 
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1. Introduction  
Coffee is highly traded commodity next to petroleum with enormous commercial and social importance [1]. Coffee 
Arabica and Coffee Robusta are the two species that have the highest economic importance in the world [2, 3]. 
Both species are used as a rich source of bioactive compounds [4]. Arabica coffee beans, which originated in 
Ethiopian highlands, are more expensive and valuable due to their superior quality and taste. [2].  
Besides, the difference in species the preference of a certain type of coffee beans over the other depends on 
post harvesting process conditions, agricultural practices and geographical origin (agro-ecology) and the chemical 
composition of coffee beans [5, 6]. Green coffee beans contain a wide range of different chemical compounds and 
have complex compositions [7]. However, the chemical composition of green coffee beans plays a major role in 
defining the quality of coffee [6, 8]. Acidity is an important feature of coffee. Citric, malic, chlorogenic and quinic 
acids are the main acids found in green coffee beans [9, 10]. The antiviral and antibacterial properties of coffee 
may have arisen from caffeic acid, chlorogenic acid and protocatechnic acid [11]. The acidity and sourness of 
coffee brews (together with aroma and bitterness) have always been recognized as an important attributes of their 
sensory quality [12]. Polyphenols are also the chemical constituents of coffee that affects its quality [13, 14]. 
Coffee is the most consumable source of polyphenols [15]. Polyphenols are compounds possessing several 
hydroxyl groups attached with aromatic rings. They are the most abundant secondary metabolites of plants with 
more than 8, 000 phenolic structures [10, 14]. Polyphenols become the interested areas of research over the past 
years due to their antioxidant properties and their probable role in the prevention of various diseases associated 
with oxidative research like cancer, cardiovascular and neurodegenerative disease [10, 16]. Therefore, it is 
important to determine the contents of coffee beans.  
Moreover, caffeine is one of the important components of coffee beans which used to characterize the quality 
of coffee. Caffeine is a xanthine derivative known to stimulate the central nervous system and causes various 
physiological effects like the relaxation of the bronchial muscle, gastric acid secretion and dieresis [17, 18]. 
However, high dose may produce negative effects in some sensitive individuals such as anxiety, tachycardia, 
restlessness, excitement, and insomnia [19, 20, 21]. Coffee is one of the most common sources of caffeine [22]. It 
is important to determine the amount of caffeine in coffee beans due to its widespread consumption and its 
physiological effect [6, 23]. One of the factors that affect the amount of caffeine in coffee is the roasting 
temperature. Roasting is the most important process in coffee preparation because the beans undergo a serious of 
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reactions leading to the change in physical properties and chemical compositions [7, 24]. The control of the bean 
temperature - time history is required during the roasting process to produce the desired coffee flavor which is 
influenced by the content of caffeine [25]. Various studies reported that the content of caffeine has a direct 
relationship with the roasting temperatures [26]. On the contrary, other studies reported that the content of caffeine 
decreases as roasting temperature increases [7]. Therefore, it is important to determine the effect of roasting 
temperature on the content of caffeine in coffee beans.  
Due to its wide spread of consumption of coffee and its physiological effects, it is important to determine the 
chemical characteristics of coffee beans. Haraghe is among the major coffee growing regions in Ethiopia. Green 
coffee beans collected from different areas of Hararghe are the most expensive and preferred for consumption in 
Ethiopia. The content of caffeine in green coffee beans of Hararghe has been reported. However, the chemical 
compositions and the effect of roasting temperature on the content of caffeine of Hararghe green coffee beans have 
never been reported. Therefore, the aim of the present study was to determine the pH value, total acidity and total 
polyphenols of Hararghe green coffee beans and to evaluate the effect of roasting temperature on the caffeine 
content. The pH values of the extractives were measured and the total acidities of the coffee samples were 
determined using acid base titration method. The total poly phenols were determined using the Folin-Ciocalteu 
reagent. The green coffee bean samples were roasted at 125 0C, 175 0C, and 225 0C and caffeine content was 
measured using a UV-Vis spectroscopy.   
 
2. Materials and Methods  
2.1. Materials  
2.1.1. Chemicals and Samples  
Caffeine standard (98%, Loba Chemie, India), Dichloromethane (98%, Loba Chemie, India), ethanol (97%, fine 
chemical, Ethiopia), Methanol (99.5%, Loba Chemie, India), Gallic acid (99%, Sigma-Aldrich, Chemical Co. (St. 
Louis MO), USA) and distilled water (Haramaya University, Ethiopia) were used. A total of fifteen Arabica coffee 
beans were collected from different parts of Hararghe regions, Ethiopia. The coffee bean samples were collected 
from Chiro (Dingetie and Gewugewu), Diredawa, Girawa, Goromute, Gurachae, Harar (Harar Aboker, Harar Zuria 
1 and Hrara Zuria 2), Hirna (Hirna Zuria 1 and Hirna Zuria 2), Jarso, Kobo, Kurfachele, and Lange. The coffee 
beans samples were labeled based on the name of the collection areas.  
 
Figure: Sample Collection Sites, Hararghe, Oromia Regional State, Ethiopia 
2.1.2. Instrumentation  
Different laboratory apparatus were used and a double-beam spectrophotometer (Lambda 9-UV/Vis/NIR, 
PerkinElmer, USA) with 1nm resolution in a 1cm path length quartz cell was used to obtain all the absorption 
spectra. The spectra were obtained by computer interfaced with a spectrometer.  
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2.2. Methods 
2.2.1. pH Measurement 
The pH was estimated by preparing extractives with ground coffee (3 g) in 50 mL of hot water [27]. The extract 
was cooled to room temperature and pH of the extractives was measured using a pH meter after it was calibrated 
according to the manufacturer. 
2.2.2. Total Acidity 
The total acidity in the coffee samples was estimated by treating 10 g coffee sample in an Erlenmeyer flask with 
75 mL of 80% alcohol, stopper it and stayed for 16 hr with occasionally shaking and then filtered and transferred 
10 mL of filtrate to a beaker. The filtrate was diluted to 100 mL with water and titrated with 0.1N NaOH using 
phenolphthalein as an indicator [27]. The results were expressed as 0.1 mL alkali required neutralizing acidity of 
100 g sample.  
2.2.3. Total Polyphenols 
The Folin-Ciocalteu phenol reagent was prepared by dissolving 10 g sodium tungstate and 2.5 g sodium molybdate 
in 70 mL distilled water. Five mL 85% phosphoric acid and 10 mL concentrated hydrochloric acid was added to 
the above solution and refluxed for 10 hr. Then 15 g lithium sulfate, 5 mL water and 1 drop bromine solution was 
added to the solution and refluxed for 15 minutes. The solution was cooled to room temperature and brought to 
100 mL with distilled water.  
Standard solutions of Gallic acid (10, 20, 30, 40 and 50 ppm) were prepared in methanol for calibration curve. 
One mL of these solutions was added to a 25 mL volumetric flask containing 9 mL of distilled water. One milliliter 
of Folin-Ciocalteu phenol reagent was added to the mixture and shaken. After 5 min, 10 mL of a 7% sodium 
carbonate solution was added with mixing. The solution was then immediately diluted to a volume of 25 mL with 
distilled water and mixed thoroughly. After incubation for 90 min at room temperature, the absorbance at 765 nm 
was measured. Ground coffee (2 g) was dissolved in 30 mL methanol in the flask and placed it in the arbitrary 
shaker for 1 hr at 40 0C in order to get methanol extract. After sample preparation, 1 mL of appropriately diluted 
samples was added to a 25 mL volumetric flask contained 9 mL of distilled water. A blank reagent was prepared 
using distilled water. One milliliter of Folin-Ciocalteu phenol reagent was added to the mixture and shaken. After 
5 min, 10 mL of 7% sodium carbonate solution was added with mixing. The solution was then immediately diluted 
to a volume of 25 mL with distilled water and mixed thoroughly. After incubation for 90 min at room temperature, 
the absorbance at 765 nm was measured [9, 28]. The total phenolic contents of the samples were expressed in 
milligrams per serving of Gallic acid equivalents (GAE). 
2.2.4. Influence of roasting temperature on caffeine content 
2.2.4.1. Standard solution preparation  
From the standard of pure caffeine 2.5 mg was dissolved into 50 mL of de-ionized water. Then 25 mL of the 
caffeine stock solution was further diluted with distilled water into different concentrations using four volumetric 
flasks. These solutions were stirred with a magnetic stirrer for 30 minutes. The absorbencies of the solutions were 
measured using UV-Vis spectrometer. These procedures were repeated three times for similar concentrations. The 
mean values of the absorbencies were taken and used for the preparation of the calibration curve so as to determine 
caffeine from the roasted coffee bean samples. 
2.2.4.2. Roasting of coffee beans  
Five different coffee bean samples were roasted at 125 0C, 175 0C, and 225 0C. The coffee samples were roasted 
using a hot plate and a digital thermometer to control the temperature variation.  
2.2.4.3. Liquid-liquid Extraction of caffeine  
Roasted coffee bean samples were grounded and screened through 250 μm sieve to get a uniform texture. 
Approximately 50 mg of sieved coffee was dissolved in 25 mL distilled water. The solution was stirred for one 
hour using magnetic stirrer and heated gently (60 0C) to remove caffeine easily from the solution. The solution 
was filtered by a centered glass filter to get rid of particle from solution. The solution was mixed with 
dichloromethane by volume ratio (25:25 mL) for the extraction of caffeine from coffee. First, a mixture of the 
solution was stirred for 10 min. Then, using separatory funnel caffeine was extracted by dichloromethane from the 
solution. The extraction of caffeine was preceded 4 times with 25 mL dichloromethane at each round. The caffeine 
extracted by dichloromethane at each round was stored in volumetric flasks. Finally, the absorbance of the solution 
was measured by UV/Vis spectrophotometer in the range of 200-360 nm against the corresponding reagent blank 
[29].  
 
3. Results and Discussion  
This study presents the pH values, total acids and total polyphenols of fifteen green coffee bean samples collected 
from various areas of Harargae, Ethiopia. In addition, it also explains the effect of roasting temperature on caffeine 
content for five coffee samples arbitrary selected from the above mentioned location.   
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3.1. pH Measurement  
The pH values of the coffee samples ranges from 5.26 to 5.66 as shown in Fig 1. The lowest and the highest pH 
values are shown by the coffee bean samples collected from Jarso and Gurachae, respectively. The data revealed 
that Jarso coffee beans are the most acidic and Gurachae coffee beans are the least acidic. Acidity is one of the 
attributes commonly associated with high quality coffees. Many researchers observed a linear correlation between 
the pH value and the perceived acidity of coffee [30].    
 
Figure 1. Variations of pH values among coffee bean samples 
 
3.2. Total Acidity  
Recent findings showed that undissociated, which are not described in pH variation, forms of acid molecules are 
important for acid perception. Therefore, the amount of titratable acidity could be more reliable indicator for 
correlating the coffee acidity than pH value [31]. The total acidity values of the samples ranges from 1.44 to 2.3 
ml NaOH.g-1 as shown in Fig. 2. The lowest and the highest total acidity values are shown by the coffee bean 
samples collected from Jarso and Gurachae, respectively. The result shows that Jarso is least acidic and Gurachae 
is most acidic coffee samples which coincides with the results obtained from pH values.  
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Figure 2. The total acidity of the coffee samples expressed in mL of NaOH.g-1. 
 
3.3. Total Polyphenols 
The total phenol contents in green coffee beans were determined using the Folin-Ciocalteu colorimetric method in 
terms of gallic acid equivalents (GAE). The absorbencies of the Gallic acid standards were used to develop the 
calibration curve (Figure 3).  The value of the square of the regression coefficient (R2 = 0.9998) showed a good 
relationship and is convenient to determine the total polyphenols from coffee beans. 
 
Figure 3. Absorbance versus concentrations of stock solutions of Gallic acid 
The total polyphenols contents in green coffee beans are varied from 7.22 ± 0.022 to 20.96 ± 0.012 mg GAE/g 
(Table 1). The lowest and highest total phenol contents were observed in Girawa and Kobo green coffee bean 
samples, respectively.  
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Table 1: Total phenol contents in green coffee beans  
 
Coffee Samples  
Total phenol contents  
((mg GAE/g) mean± SD)) 
 
Coffee Samples 
Total phenol contents  
((mg GAE/g) mean ± SD) 
Chiro (Dingetie) 16.89 ± 0.012 Harar Zuria 2 9.74 ± 0.014 
Chiro (Gewugewu) 8.56 ± 0.008 Hirna Zuria 1 13.56 ± 0.010 
Diredawa  14.40 ± 0.014 Hirna Zuria 2 13.35 ± 0.009 
Girawa 7.22 ± 0.022 Jarso 13.36 ± 0.015 
Goroumute 8.15 ± 0.015 Kobo  20.96 ± 0.012 
Gurachae  10.20 ± 0.009 Kurfacheli  14.60 ± 0.006 
Harar Aboker  17.94 ± 0.010 Langie 17.25 ± 0.005 
Harar Zuria 1 18.36 ± 0.013 
 
3.4. Influence of roasting temperature on the content of caffeine  
A total of five coffee samples were roasted at 125 0C, 175 0C and 225 0C to observe the effect of temperature on 
the content of caffeine. Caffeine was extracted by dichloromethane from the coffee sample solutions. The 
extraction of caffeine was preceded 4 times with 25 ml dichloromethane at each round. The complete extraction 
of the caffeine from the coffee samples was made sure by measuring the absorbance of the coffee sample solutions 
after the first, second, third and fourth rounds of extraction. The absorbance of the coffee sample solutions obtained 
from the fourth round extraction was in a negligible amount.     
The contents of caffeine in the roasted coffee beans were determined from calibration curve (Figure 4). The 
calibration curve was developed from the absorbencies of different concentrations of the caffeine standards. The 
value of the square of the regression coefficient (R2 = 0.9965) showed a good relationship and is convenient to 
determine the content of caffeine from coffee beans.  
 
Figure 4: Absorbance versus concentration of the caffeine standard 
Table 2 provides the caffeine content from the roasted coffee beans which were determined using the linear 
equation (y = 1.3091x + 0.0226) obtained from the calibration curve.  
Table 2: The content of caffeine in different coffee bean samples roasted at 125, 175, and 225 0C. 
Coffee Samples 
Percentage of caffeine (w/w %) at different 
temperatures (mean ± SD) 
125 0C 175 0C 225 0C 
Chiro (Dingetie) 2.95 ± 0.008 3.60 ± 0.024 3.25 ± 0.022 
Dire Dawa 3.81 ± 0.003 6.09 ± 0.016 4.22 ± 0.032 
Harar Aboker 2.36 ± 0.042 4.82 ± 0.006 4.93 ± 0.008 
Harar Zuria 2 2.59 ± 0.030 3.30 ± 0.012 2.95 ± 0.046 
Hirina Zuria 1 3.01 ± 0.006 3.54 ± 0.008 3.16 ± 0.018 
The caffeine content in coffee bean samples roasted at different temperatures ranges from 2.36 (w/w %) to 
6.09 (w/w %), Table 2. It was reported that the caffeine content in these green coffee bean samples were varied 
from 0.60820 ± 0.00277 to 0.90285 ± 0.00601 (w/w %) [32]. The results of the present study revealed that the 
caffeine content increased from low temperature - long ranged time roasted coffee beans to intermediate 
temperature - intermediate ranged time. However, it was gradually decreased from intermediate temperature - 
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intermediate ranged time to high temperature - short ranged time. Our result is in line with different studies reported 
that the content of caffeine increase during roasting process and start to decrease as the temperature further 
increases [26]. On the contrary, there are some reports that show the content of caffeine reduced during the roasting 
process unlike the results of the present study [7].   
 
Conclusion  
The results of the present study provided a detail overview of pH values, total acidity and total polyphenols, as 
well as the effect of roasting temperature on the content of caffeine. The results revealed that pH values, total 
acidity and total polyphenols of different green coffee beans vary depending on the area where the green coffee 
beans were collected. Moreover, the results exhibited that the content of caffeine in roasted coffee beans is affected 
by the roasting temperature. The data collected from both pH and total acidity measurement revealed that coffee 
beans collected from Jarso are the most acidic while coffee beans collected from Gurache are the least acidic. 
However, the lowest and highest total phenol contents were observed in Girawa and Kobo green coffee bean 
samples, respectively. Moreover, the result revealed that the content of caffeine increased from low to intermediate 
temperatures and fall back at higher temperatures.   
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